Introduction
Conversion to arable fields has dramatically reduced the area of temperate broadleaved forests on productive soils in Europe during the past millennium, and the area of arable land probably reached a maximum around 1900 (Rabbinge & van Diepen, 2000) . Afforestation of arable fields started in the beginning of the 20 th century but was initially dominated by conifer species. From late 20 th century onwards, however, establishment of new broadleaved forest has been promoted in several European countries (Stanturf & Madsen, 2002; Weber, 2005) .
In comparison with ancient forest land, previous arable use commonly leads to increased levels of soil pH, nitrification, and phosphorus concentration and to a decrease in organic matter and soil porosity (Koerner et al., 1997; Bossuyt et al. 1999a,b; Honnay et al., 1999; Compton & Boone, 2000; Dupouey et al., 2002; Falkengren-Grerup et al., 2006) . Soil differences increase with duration and intensity of agricultural use (Alriksson & Olsson, 1995; Verheyen et al., 1999; Ritter et al. 2003) . The persistence of an arable legacy after afforestation depends also on soil type and effects of the planted tree species on soil properties (Bossuyt et al., 1999a,b; Compton & Boone, 2000; Dupouey et al., 2002; Ritter et al. 2003) .
The effects of previous cultivation on soil properties are expected to be most obvious in the ploughed layer (ca 0-30 cm soil depth), but deeper layers may be affected by the influence of plant roots, soil fauna and soluble elements that are transported downwards.
Examples of the latter are ploughed-down lime, which has been found to increase soil pH to a depth of 1 m (Noble & Hurney, 2000) and phosphorus, which has been found to be transported down to 0.5 m (Garz et al., 2000) .
Except for the planted or sown tree species, all other forest plants must recolonize new forest stands on former fields. Establishment of plant species in secondary forests is 3 controlled both by their dispersal capacity and by effects of site properties that influence recruitment and growth, either directly or indirectly through interspecific competition. Most previous studies have focussed on the absence of typical forest plants in isolated secondary forests due to dispersal limitation (Flinn & Vellend, 2005; Hermy & Verheyen, 2007) .
However, in secondary forest adjacent to ancient forest with source populations, dispersal limitation may be less important for plant colonization as compared to effects of soil conditions (Brunet, 2007a) .
In the regional species pool of forest-dwelling vascular plants, a majority is restricted to base-rich soils (Ellenberg et al., 1991; Ewald, 2003) . Growth of these species on acid forest soils can be inhibited by low pH itself (H-toxicity), Al-toxicity, nutrient deficiency (Ca, Mg, K, P) or an unfavourable nitrogen source (Marschner, 1991) . On the background of a large historical loss of broadleaved forest area and acidification of the remaining forests by atmospheric deposition (Falkengren-Grerup, 1995) , the question arises whether forests on former arable fields have soils that are better buffered against acidification and can provide new suitable habitat for basiphilous forest plants.
In the south Swedish province of Skåne/Scania, broadleaved forests have been planted on former arable fields since the 1920'es on certain larger estates. Transect studies across three woodland ecotones in the Torup-Skabersjö area in southwestern Skåne have previously shown that certain basiphilous species are more frequent in oak plantations on former fields than in adjacent ancient woodland (Brunet et al., 2000) . A later comparison of soil chemical conditions in other oak plantations in the same area showed significant higher soil pH and phosphorus levels on former fields (Falkengren et al., 2006) .
The objective of the present study was to link differences in soil chemical properties due to former land use directly to vegetation patterns and plant species distributions. We compare stands of pedunculate oak (Quercus robur) planted 50-80 years ago on both ancient 4 woodland sites and on former arable fields. We focus particularly on some aspects that are rarely studied, but may improve our understanding of herb layer differentiation: soil chemical gradients in different layers of the top soil and the seasonal variation of nitrogen mineralization.
We assume that the stands subjected to different former land-use originally had similar soil conditions. Differences in soil characteristics due to land-use should therefore be most pronounced in the top soil and decrease downwards. We further hypothesize that former arable use has resulted in higher pH, faster nitrification and higher P-concentration.
Therefore, basiphilous and nitrophilous forest species should be more abundant in these new broadleaved stands than in ancient forest, given that our sampling design minimizes the effects of dispersal limitation.
Materials and methods

Study stands
The study was conducted in oak stands within the 2000 ha large forest-dominated landscape on the estates of Skabersjö and Torup in the south Swedish province of Skåne (55°32´N, 13°11´E). The area is situated in the nemoral vegetation zone, and deciduous hardwood forests typically occur on deep, well-drained dystric cambisols. During the period 1920-50, a large number of oak stands were planted on both arable and previously forested land (hereafter referred to as former fields and ancient forest land). The study area is documented in a database on land-use history showing that the ancient forest land has a documented continuity of forest vegetation during the past 300 years (Brunet, 2007b) . However, most stands have probably been woodland for a much longer time. Historical sources from 1694
and onwards indicate that these forests were managed by selective cutting.
Temperature and precipitation data were collected from the weather station in Lund, ca 20 km north of the studied area. The summer and spring periods were 2.2 °C and 1.3 °C, respectively, warmer than the average of the reference period 1961-90, and the autumn and winter periods had about average mean temperatures. The autumn and spring periods had a precipitation deficit of 18 mm and 22 mm, respectively, per month, whereas summer and winter precipitation was close to average. The total precipitation in the area was 586 mm during the studied period as compared to an annual average of 666 mm.
Stand selection
Based on the historical data we chose ten oak stands planted on each of the two land-use category (stand size 0.7-6.6 ha). Ten stands, five of each land-use category, have been studied previously by Falkengren-Grerup et al. (2006) . The remaining stands of this study were selected in order to minimize differences in stand age. All stands were adjacent to or situated in a matrix of other forest stands. Stands of both land-use categories were often situated close to each other and had similar topography and soil origin (glacial till type). The ancient forests of the Torup and Skabersjö estates were primarily kept as hunting areas and as a timber source, although the sites were potentially suitable for arable use (Brunet, 2007b) . It is thus reasonable to assume that the former fields initially had similar soil conditions as the ancient forest sites.
The stands studied on ancient forest land were beech forests (Fagus sylvatica) prior to oak plantation except two stands with oak in the previous state. The stands on former fields represent the first forest generation after arable abandonment, and all sites were under cultivation in 1915 according to a detailed survey map (scale 1:20.000). The stands on ancient forest land had a mean stand age of 62 years (range 50-83 years) and those on former fields of 70 years (range 57-77 years) according to current management plans.
Soil sampling
A well drained, flat area of 25 × 20 m was selected within each stand and five 1 × 1 m plots were marked in the centre and at the corners, leaving a 4 m corridor along the borders, to be used for repeated soil sampling over one year. All plots were placed >1 m from tree bases.
The five soil samples from each plot were bulked to give one composite sample. We studied the soil at depths of 0-5 cm and 5-15 cm below the litter layer with respect to pH, organic matter and net potential N mineralization in intact soil cores.
To estimate the available N we sampled two intact soil cores using a PVC cylinder (diameter 6.8 cm, length 15 cm). One was used for the in situ incubation and one was taken to the laboratory for analysis of pH, C, N and moisture. The cylinder used for the in situ 
Soil analysis
Soil analysis was performed on fresh soil <6 mm or soil dried at 105 ºC for 48 hours. Soil moisture was calculated as the difference in weight between the fresh soil and the dried soil divided by the weight of the fresh soil. The pH was measured using 10 g fresh soil extracted with 50 ml 0.2 M KCl. The organic matter content was determined as loss of ignition (LOI) at 600 ºC for the seasonal data and as total C by dry combustion 
Statistical analysis
Statistical tests were carried out on soil data normalised to soil volume (mol m -2 per 0-5 or 5- We used the Sørensen index as a dissimilarity measure. We tried different starting configurations to avoid local minima, but results were very stable. We chose a twodimensional NMS solution based on its low final stress and its high correlation between distances in ordination space and distances in the original species-dimensional space. In order to reveal significant relationships between species composition and the environment, we used Kendall rank correlation between stand scores on the two NMS axes and soil variables at 0-15 cm depth during four seasons.
Species characteristic of stands on either ancient forest land or former fields were identified using Indicator Species Analysis (Dufrêne & Legendre, 1997) with the binary land-use variable as a priori classification factor. We used 999 permutations of the classifying factor to assess statistical significance.
Results
Soil chemistry
Former fields had a mean pH KCl of ca 4.0 at the two uppermost depths (0-15 cm), which was ca 0.3 pH units higher than in the ancient forest soil (Table I) . At 0-5 cm, former fields also had a lower carbon concentration in the top soil. These differences disappeared with increasing soil depth. Phosphorus concentrations, however, were consistently higher in former fields throughout the soil profile (0-45 cm, Table I ).
Seasonal differences in soil pH were usually <0.1 units between measurements in the same stand, and the mean values confirmed the general differences between land-use categories of 0.3-0.4 pH units (Table II) . However, repeated measures analysis revealed a significant effect of sampling season on soil pH at 0-5 and 5-15 cm depth (Table III) .
Organic matter content differed only at 0-5 cm depth, being about 3 percentage units lower in the former fields than in the ancient forest land. The organic matter content explained part of the soil moisture (R 2 =0.400, P<0.001, n=40). At both depths, the soil moisture differed significantly between the seasons, mainly due to low moisture in autumn ( Figure 1 , Table   III ). Soil moisture during the early autumn drought spell was only half of that during the previous summer, also resulting in significantly lower soil moisture in the former fields during that season (Figure 1 ).
The former fields showed higher NO 3 -and lower NH 4 + mineralization rates than the ancient forest land at 0-5 cm, but rates were similar at 5-15 cm soil depth (Table II) . The seasonal variation was substantial with the highest mineralization rates in the spring, second highest in the summer and much lower during the other two seasons (Figure 2 , Table III ).
NH 4 + mineralization rates were lower in the summer and winter and the NO 3 -mineralization rates were higher in the spring in the former fields than in the ancient forest land at 0-5 ( Figure 2 , Table III) .
Herb layer vegetation
The two-dimensional NMS ordination (Final stress = 16.0) extracted 78.2 % of the variation in species composition -43.5 % and 34.7 %, respectively, for the two axes. Correlation between axis scores and environmental variates (Table IV) suggested that compositional turnover along the first axis (Figure 3 ) was mainly due to the combined effect of former landuse and soil pH, clearly separating plots of the two land-use categories. Correlations between soil pH and axis 1 were significant at both soil depths and during all seasons with the highest correlation in spring at 0-5 cm depth and in summer at 5-15 cm, respectively (Table IV) .
Aspects of nitrogen mineralization were correlated with both NMS-axes. However, NO 3 -nitrogen was correlated with floristic variation along the second axis independently of landuse and soil pH (Table IV) . Soil moisture was not correlated with the ordination scores.
Indicator species analysis (Table V) 
Geranium robertianum, Geum urbanum, Poa nemoralis, Poa trivialis and Urtica dioica, and
Ulmus glabra.
Discussion
Soil chemistry
The underlying assumption of the present study was that the stands subjected to different former land-use originally had similar soil conditions. The soil characteristics should therefore differ most in the top soil. Our hypothesis was confirmed regarding pH and total C, whereas total P was considerably higher in the former fields than in the ancient forest land throughout the soil profile. Although we logically cannot exclude initial differences in P between land-use categories, the most probable explanation is agricultural P fertilization.
Our results confirm that effects of former arable use persist in the top soil of the studied dystric cambisols at least during the first generation of broadleaved forest (Bossuyt et al., 1999a,b; Compton & Boone, 2000) . Differences in soil pH may continue to decrease with time (Bossuyt et al. 1999a,b) , whereas the higher P concentrations in former fields probably are more persistent (Dupouey et al., 2002) .
The NH 4 + mineralization rate was higher in the ancient forest land (summer and winter) and the NO 3 -mineralization rates were higher in the former fields (spring). This pattern is partly pH-dependent but may also be caused by lower bioavailability of the organic matter in the ancient forest land, as acid soils have lower faunal activity and the turnover is smaller compared with previously ploughed soils.
The seasonal variation in N mineralization rates was considerable with two to three times higher rates in the spring than in the summer. Measured over a whole year, the potential net mineralization rate often has a peak during the spring, followed by a declined activity throughout the rest of the year (Ross et al., 2004; Aubert et al., 2005) . A high rate of NO 3 -mineralization in spring is usually attributed to the earlier activity of microbes than of plants (Ross et al., 2004) . However, the low observed autumn mineralization rates may also be associated with the unusually dry weather conditions in the study year. Negative effects of low moisture levels on N mineralization are known from other studies (Sierra, 1997; Thomsen et al., 1999; Bengtson et al., 2005) . Former arable soils lost more water during autumn than the ancient forest soil. This is possibly related to a lower organic matter content in the top soil of the former arable soil.
The difference in soil mineralization between land-use types in our study might not just depend on direct effects of former arable land-use on soil properties, but could also be an indirect effect of vegetation differences. Due to a feedback between vegetation composition and N cycling, herb layer composition may influence net N mineralization and net nitrification (Wedin & Tilman, 1990; van der Krift & Berendse, 2001) . Soil conditions on former arable fields with relatively high levels of nitrate and phosphorus promote fastgrowing competitive species (Bossuyt & Hermy, 2000; De Keersmaeker et al., 2004) , which produce easily decomposable litter. This may in turn lead to a feedback mechanism to mineralization rate.
Herb layer vegetation
Our results show that the effect of soil pH on vegetation patterns is independent of seasonal variability and top soil depth. Effects of N-variables were less robust and appeared during different seasons. In situ nitrification did not substantially improve the degree of explained variation in the ordination as compared to initial N concentrations. The former land-use category was the single most important factor explaining NMS axis 1, probably because it integrates the effect on species composition of several environmental variables.
Low soil pH is known to decrease plant diversity in deciduous forests (Bobbink et al., 1998; Falkengren-Grerup & Diekmann, 2003) , in particular when the pH approaches levels where aluminium is potentially toxic (pH soil solution <4.2 which corresponds to pH KCl <3.7, Andersson & Brunet, 1993 ). An increase in top soil pH KCl from 3.7 to 4.0, as observed 13 in our study, may enable establishment and growth of a large number of herbaceous species (Brunet & Neymark, 1992; Falkengren-Grerup & Tyler, 1993) .
Soil conditions on former arable fields may promote species that are associated with higher soil pH and fertility levels and that occur ubiquitously in the modern agricultural landscape. Examples in our study are Geranium robertianum, Geum urbanum, Poa trivialis and Urtica dioica. Dense stands of Urtica dioica may potentially inhibit colonization of other species (De Keersmaeker et al., 2004) . However, in the relatively well-drained oak stands of our study, Urtica is a frequent, though not dominant, species. Despite frequent occurrence of ruderal species, several typical forest species were found to be more abundant in forest stands on former fields than in ancient woodland stands. These species are known as rather acid-sensitive and nitrophilous (Adoxa moschatellina, Circaea lutetiana, Festuca gigantea, Fraxinus excelsior, Poa nemoralis, Ulmus glabra, Ellenberg et al., 1991) , but they are obviously also good dispersers (Bossuyt et al., 1999c; Verheyen & Hermy, 2001; Graae 2002; Brunet, 2007a) . Floristic surveys of all oak stands in the study area reveal that also other basiphilous species such as Brachypodium sylvaticum, Corydalis intermedia, Mercurialis perennis and Pulmonaria obscura are more abundant in the new plantations on former fields than in the original ancient stands containing the source populations (Brunet et al., 2000; Brunet, 2007a) . Thus, first generation oak stands contribute significantly to maintenance of the herbaceous flora in forest landscapes, at least when new stands are contiguous with older forest. The results of this study suggest that the higher pH of the new stands is one of the main factors explaining this pattern.
Colonization capacity varies greatly among forest species. Anemone nemorosa and Lamiastrum galeobdolon are common on base-rich soils but had high indicator values for ancient woodland, which is probably related to a relatively low colonization rate (Bossuyt et al., 1999c; Brunet & von Oheimb, 1998ab; Verheyen & Hermy, 2001) . The other three indicators of ancient woodland stands (Deschampsia flexuosa, Maianthemum bifolium, Sorbus aucuparia) are acid-tolerant species, which may suffer from strong competition during recruitment on former fields by tall herbs and grasses.
Our results show that soil pH, P and in situ nitrification potential were considerably higher still after 70 years of forest growth on former fields, as compared to reference stands on ancient forest land. We conclude that new woodlands on former fields can offer new habitats for acid-sensitive and nutrient-demanding woodland species which have suffered from reduction in habitat area during historic periods of deforestation and cultivation. However, the dystric cambisols of the study area are prone to natural leaching and acidification which may be further accelerated by tree species with a slowly decomposing, acid litter, such as oak and beech. Promotion of mixed stands including species producing base-rich litter, e.g.
ash, elm, hazel, lime and maple (Nordén, 1994; Hagen-Thorn et al., 2004 ) might counteract acidification and increase the persistence of conditions favourable for woodland herbs.
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